tissues of origin. The enzyme fractions from a given tissue also show similar properties of pH optima, activation by magnesium ions and inactivation at 55°at pH 7. There are slight variations between phosphatases from different tissues in some of these properties.
The differences between isoenzymes ofalkaline phosphatase from a single tissue appear, therefore, to be less marked than those between lactic dehydrogenase isoenzymes, since in the case of the latter enzyme differences in thermal stability and in Km values, as well as in electrophoretic mobility, have been demonstrated between isoenzymes from a given organ (Plagemann, Gregory and Wr6blewski, 1960) .
The present results may indicate the existence within each organ of a single alkaline phosphatase. If this were the case the several bands observed on electrophoresis might be due to .slight modifications in the enzyme protein, perhaps as a result of post-mortem autolysis or occurring during the extraction process, with a resulting effect on electrophoretic mobility. Alternatively, the minor enzyme zones may represent binding of some of the enzyme protein molecules to other protein fractions. Alkaline phosphatase is known to occur in association with lipid material in tissues and the presence in 6 each extract of an enzyme band in the~-lipo protein region may represent undissociated lipoprotein-phosphatase complex. The amount of phosphatase activity in this region is altered by the method of preparing the tissue extracts, being less in autolysed, compared with butanolextracted, preparations. This may be due to dissociation or degradation of a phosphataselipoprotein complex during the autolysis period.
However, the existence of differences in enzymatic properties between these alkaline phosphatase fractions, as well as in electrophoretic mobility, cannot be dismissed on the basis of data obtained with a single substrate. The discovery that enzymes could be subdivided by gel electrophoresis (Hunter and Markert, 1957; Weime, 1958; Markert and Meller, 1959) into the so-called isoenzymes soon led to the suggestion that the finding would have 'Clinical applications. It has been subsequently shown with lactic dehydrogenase (Wr6blewski and Gregory, 1960) that the isoenzyme pattern of distribution in normal serum differs from that of the tissues, and that in specific examples of acute disease of these tissues the pattern demonstrable in the serum more closely resembles an aqueous extract of the tissue concerned than the original serum. The correspondence is recognisable but not exact and is particularly well marked after cardiac infarction. Unfortunately, no account has been taken of the effect of mixing tissue enzymes with serum, a phenomenon which must inevitably occur in disease; nor has there been consideration of the secondary changes in toxaemias associated with febrile disturbances and resultant cloudy swelling of various organs.
It is still necessary to collect appropriate controls as a check on diagnostic accuracy. Moreover, Wr6blewski has unfortunately disregarded phenomena such as the change of lactate dehydrogenaseswith shock (Vesell, 1961) which is obviously an important feature in conditions such as acute pancreatitis and could be a large part of the explanation of the differences between the serum picture in this disease and an aqueous extract or normal pancreas.
Moreover, in nearly all the conditions described by Wroblewski only one or two cases have apparently been studied and rather sweeping conclusions drawn from them. This is perhaps understandable in view of the fact that the technique employed is rather cumbersome and involves a good deal of labour for each single investigation. In fact, it has been stated that .. the technical requirements of the electrophoretic procedure militate against the widespread adoption of this technique for routine diagnosis" (Wr6blewski and Gregory, 1961) .
In our own laboratories visual methods have been elaborated (see previous paper by Latner and Skillen) which are relatively rapid, results being obtained in two to three hours, and which allow simultaneous multiple determinations. This has already permitted us to investigate a fairly large group of cases with proved cardiac infarction and another group of fifty cases with jaundice.
We have confirmed that the lactate dehydrogenase isoenzyme distribution is particularly helpful after coronary infarction, and that the main bands present are L0 4 and LOs (the lower the number, the nearer to the cathode). The opportunity has been taken to make serial investigations on individual patients, and it has been demonstrated that the abnormal pattern can persist in the serum for two or three weeks after the original occlusion (Latner and Skillen, 1961) . The abnormal picture is present even though the total quantity of lactate dehydrogenase has returned to normal limits; the SGOT has, of course, been normal long before this. The investigation has already proved useful in the differentiating extra-hepatic obstruction from hepatocellular disease. In three patients with infective hepatitis, who had not yet developed jaundice, LOt was well marked and the likely onset of jaundice could be predicted. In a number of cases with liver disease, a phenomenon has occurred for which a satisfactory explanation has not yet been found; the LOt appeared further from the insertion than usual, and occasionally occurred as a doublet. In five cases of proved pancreatitis, L0 3 , L0 4 and LOs have been raised. This rather resembles the picture obtained with pancreatic extract mixed with normal serum, but is sufficiently close to the distribution obtained in the serum of dogs after haemolytic shock for the findings to have no diagnostic significance until it has been shown that the picture differs from that obtained 7 after other acute abdominal emergencies, such as perforations of the gastro-intestinal tract. In acute pancreatitis associated with some degree of jaundice, LOt is also present. The distribution of the isoenzymes in the serum of pernicious anaemia patients has been not unlike that after coronary occlusion, but rapidly returns to normal with vitamin B 12 therapy. The isoenzyme bands in normal cerebro-spinal fluid are very faint, but after a cerebral catastrophe, such as a stroke, the isoenzyme picture becomes clearly discernible and closely resembles an extract of grey matter.
Although it is possible to separate serum aspartate amino-transferase (S.G.O.T.) into isoenzymes, they have been very disappointing from the point of view of diagnosis.
With alkaline phosphatase, it is possible to demonstrate a specific isoenzyme pattern from liver, bone, small intestine and kidney. The liver and bone picture is duplicated in disease of these organs and the main component can be easily differentiated. We have seen a few cases of carcinomatous metastases to liver and bone, and it is interesting to note that even though the patients were jaundiced, the isoenzyme distribution tended to be like that found in bone disease. There is some indication that a doublet of alkaline phosphatase activity occurs near the insertion in cases of extra-hepatic obstruction, but not in cases of hepatocellular jaundice. Alkaline phosphatase in normal human serum is mainly derived from liver.
Choline esterase normally appears as a doublet which can be inhibited with eserine sulphate. It is interesting that in the two cases of succinyl choline apnoea investigated only one of the bands disappears, indicating a possible abnormality in the other component.
We are now slicing our gels into several slices and staining one slice to show lactate dehydrogenases, another to show malate and a third glucose-6-phosphate dehydrogenases. In this way we can show the distribution of different isoenzymes in the same sample of serum, which promises to lead to a very exact method of diagnosis. Staining is done in the dark at 3r for 1-12 hr. ICD catalyzes the transfer of hydrogen from isocitrate, generating NADPH 2 (the hydrazine combines with the oxoglutarate formed, pulling the reaction to completion). Phenazine methosulphate acts as hydrogen carrier from NADPH z to the neotetrazolium, which is reduced to a purple formazan. This" zymogram" can be examined and photographed.
Four isoenzymes have been detected in rat tissues. These have been numbered ICD t, lCD 2 , ICD3,ICD4. ICDt is slow running, and moves towards the cathode, and lCD 4 IS fast and runs with albumin-this is the U.S. nomenclature: lCD3 runs just faster than haemoglobin. The distribution of the isoenzymes in different tissues is shown in Table I -Ashman, 1958; Bell, 1961) were applied to the slot. Shaldon and Baron, 1962) . ICD is present in cardiac muscle as well as in liver, but the serum After running, the gel could be cut into 3 mm. ICD only rises slightly or not at all after myo-blocks, the starch dissolved with amylase. and cardial infarction. Other enzymes which are the lCD estimated (Bell and Baron, 1960) . present in approximately equal concentration in Reagent-grade ex-amylase has been found to liver and in cardiac muscle are lactate dehydro-contain proteolytic activity, causing some inactigenase and aspartate transaminase (glutamic-vation of the lCD. Alternatively the gel was oxaloacetic transaminase).
The former is sliced and the strips stained either for protein sensitive primarily to heart muscle damage, (haemoglobin could be seen without staining), whereas the latter increases after both myo-or for lCD. To visualise the enzyme a staining cardial injury and hepotocellular damage. The solution was used as follows : existence of isoenzymes, namely proteins with the same enzymatic activity but with other differing biochemical properties, occuring in different tissues, is an explanation for these findings.
We have studied isoenzymes of lCD (Bell and Baron,1962) . Most work has been done with rat tissues from immediately killed adult white Wistar rats, but a few human tissues from autopsy have also been examined. The tissues are washed and homogenized in about 3 vol. of cold saline; the homogenate is ultracentrifuged and this crude supernatant can be used for electrophoresis. It may need to be diluted. The homogenate may be purified by acetone-drying and ammonium sulphate fractionation (Ochoa, 1955) .
Separation of isoenzymes is performed by vertical starch-gel electrophoresis (Smithies, 195~), being run for eighteen hours, using a voltage drop of 10 Vjcm., current 30 rn.amps, The buffer was barbitone buffer pH 8· 6, ionic strength 0·05 (0'1 in the bridge). This pH was best for separation, but caused considerable inactivation of the enzyme. Addition to the buffer of cysteine (0,00 I M) and nicotinamide (0' 01 M) protected the enzyme to some extent; and addition of glycerol (25-33 per cent) to the crude supernatant prevented inactivation of the
